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Fig. 2 Experimental and numerical results of impact interaction

between an alumina ceramic target and a tungsten alloy projectile

SIS PR S RE T (Eoy Ewn) MENRE(Ew, JE O BER R 2L OCR K 3 fra., ml L, &
Pl 28 M3 A o) SIS L AR 24 22 1% AL 20 B P A U P R R R B B R

P4 25 0 TR0 M R RO AR S e I Bk B R R B NIAL 4 T DU L BTSSR S Sarva 4F
AU SR AR AR W) o B T A AR B SOLK B T 14, 8 mm, BB TR R W B A AR L O
B A T 25 06 LI ST BA BOR R R B e



54 ) F A B o ol 24T T S Al R P R BRI AR A SPH KB AL 419

g
=
20
2
&)
0 : i H :
0.02 0.04 0.06 (a) Experimental result (b) Simulated result
Time/(ms)
&3 BR LRI AL 5E B 1Y RE A R Al T 48 B4 AL
Fig. 3 Energy curves of the projectile and alumina ceramic Fig. 4 Residual projectile

5 45 T SE B B R MR R L P RS R Sarva S8 AR SEEG S5 R FE A — 5L,

MBS H AR EL 45 SR AT 0 B e T S G P A R 3 5 K 1 Jil B 457 A B T 1) e AR TR

4

|

(a) Front view (b) Back view

S B R ST TR

Fig. 5 Front and back views of the ceramic target

&

FIH SPH J7 3k 0 4855 4 s LA o 000 40 P e MU M A AT T (BB 8L, AR A5 T 4 ol o 7 1 IR

o [Tk B LIRS B AN o s B R RO AR LS TR A R LA R S S IR A5 R AT X L SRR AR
PSS RS I A5 RARH W) BEWIA LR % A7 20, 7T LA SPH BB 12 AU — S8 S BG IF 5T 8 10 sk 2 F
G I 5] FIAE 5 AR 31 i W 22008

References:

[1] Mescall J, Tracy C. Improved modeling of fracture in ceramic armor [ AJ]//Proceedings of the 1986 Army Science
Conference [ C]. New York,1986:41.

[2] Sternberg J. Material properties determining the resistance of ceramics to high velocity penetration [J]. ] Appl
Phys.1989,65(9) :3417-3424.

[3] Tate A. A theory for the deceleration of long rods after impact [J]. ] Mech Phys Solids,1967,15(6) :387-399.

[4] Rozenberg Z, Yeshurun Y. The relation between ballastic efficiency and compressive strength of ceramic tiles [ J].
Int J Impact Eng,1988,7(3):357-362.

[5] Curran D R,Seaman L,Cooper T,et al. Micromechanical model for comminution and granular flow of brittle mate-
rial under high strain rate application to penetration of ceramic targets [J]. Int J Impact Eng,1993,13(1):53-83.

[6] Cortes R, Navarro C, Martinez M A, et al. Numerical modelling of normal impact on ceramic composite armours

[J]. Int J Impact Eng,1992,12(4) :639-650.



420 [/ = S // B I S (4 5 26 &
[7] Grace F I,Rupert N L. Analysis of long rods impacting ceramic targets at high velocity, ARL-TR-1493 [R]. USA.:

(8]

(9]

[10]

[11]
(12]
[13]
[14]
[15]
[16]

[17]

Army Research Laboratory,1997.

Anderson C E,Morris B L. The ballistic performance of confined Al, O, ceramic tiles [J]. Int J Impact Eng,1992,
12(2):167-187.

Li P,Li D H,Ning J G,et al. Experimental study on the ballistic performance and mechanism of confined ceramic
targets against long rod penetrators [J]. Explosion and Shock Waves,2003,23(4) :289-294. (in Chinese)

VL ERLAL. TR ALO, WEE S BRI IEY R RIS o5 [T, ke 5 w5, 2003,23(4)
289-294.

Ren H L,Shu X F,Li P. Numerical and experimental investigation on the fracture behaviors of shock loaded alumi-
na [ J]. Science in China Series G,2009,39(9):1221-1230. (in Chinese)

R 22 Bt 4 L ik b il 2O T 4010 55 B R I IR R R I BB S S B i g [T, R E R G L 2009,
39(9):1221-1230.

Lucy L B. A numerical approach to the testing of the fission hypothesis [J]. Astron J,1977,82:1013-1024.
Monaghan J J. On the problem of penetration in particle methods [J]. ] Comput Phys,1989,82:1-15.

Libersky L D,Petschek A G,Carney T C,et al. High strain Lagrangian hydrodynamics: A three-dimensional SPH
code for dynamic material response [J]. ] Comput Phys,1993,109(1):67-76.

Benz W, Asphang E. Simulations of brittle solids using smooth particle hydrodynamics [ J]. Comput Phys Commun,
1995,87:253-265.

Liu G R,Liu M B. Smoothed Particle Hydrodynamics: A Meshfree Particle Method [ M]. London: World Scientific,
2003.

Sarva S, Nemat-Nasser S, McGee ], et al. The effect of thin membrane restraint on the ballistic performance of
armor grade ceramic tiles [J]. Int ] Impact Eng,2007,34(2) :277-302.

Steinberg D J,Cochran S G,Guinan M W. A constitutive model for metals applicable at high-strain rate [ J]. ] Appl
Phys,1980,51(3) :1498-1504.

Numerical Simulation of the Destructive Process of Shock-Loaded
Alumina Ceramics Using Smoothed Particle Hydrodynamics

WANG Feng-Ying',LIU Ying-Bin'"*,LIU Tian-Sheng' , HU Xiao-Yan®

(1. School of Chemical Engineering and Environment ,
North University of China , Taiyuan 030051 ,China;
2. Department o f Modern Mechanics ,University of
Science and Technology of China ,Hefei 230027,China)

Abstract: Ceramics materials have been widely used in military projects, aerospace, aviation and ship

structure protection,due to their good mechanical properties such as low density, high strength and

high sound velocity. The destructive process of alumina ceramic impacted by a tungsten alloy projectile

is simulated using smoothed particle hydrodynamics (SPH) techniques of AUTODYN. The simulation

results are consistent with the experimental results, which indicate that the method is feasible and

effective. The method proposed provides a convenient and economical way to study the failure behavior

of alumina ceramic under strong impact loading.

Key words: shock;alumina ceramics; penetration;smoothed particle hydrodynamics
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